Abstract -
I. INTRODUCTION
The progress of the marine instrumentation in the last decade is continuously bringing up new goals as higher autonomy, lower power consumption and better signal quality, to be achieved by the engineers.
The quality of the signal is one of the main issues related to acquisition systems built for marine geophysical applications where the signal level can be very low depending on the depth of instrument operation. In this field, Ocean Bottom Seismometers (OBS) are widely used for the study of the seabed sub-layers of a certain area when instruments are deployed on the seabed, at a depth of up to 6000m, where they collect data for about 3 months. They are more used in active seismicity where the artificial source is a compressed air-gun dragged by the oceanographic vessel at low depth, generating acoustic wave fronts every certain time, that travel to the bottom of the ocean and reflect and refract by the different sub-layers before being acquired by the OBS. The equipment uses three sensors: a tri-axial geophone that collects seabed vibrations, a hydrophone that collects water pressure data and an acoustic transducer for the recovery process that starts by reception of a signal generated by the deck unit on the ship, releasing the attached weight and allowing the OBS to rise up to the surface due to its structural floatability.
In active seismicity, the maximum operation depth of the OBS places the equipment more than 6000m away from the acoustic source, reducing the signal level received by the instrument and increasing the need of a high Signal-to-Noise Ratio (SNR), high resolution and high Dynamic Range (DR) acquisition system [8] [12] . This paper presents the characterization of a four channel, 24 bits acquisition system, designed and built for marine geophysical applications, where different tests based on "IEEE-STD-1057 Standard for Digitizing Waveform Recorders" and "IEEE-STD-1241 Standard for Terminology and Test Methods for Analog-toDigital Converters" have been carried out to calculate the main parameters of the system taking into account its final application. 
II. THE ACQUISITION SYSTEM
The acquisition system is based on a 4 channel 24 bits CS5372/76 analog to digital conversion (ADC) together with input signal amplification. The CS5372 are two channel high dynamic range, fourth order -modulators designed for geophysical and sonar applications [9] . Used in combination with CS5376 digital filter, a unique high resolution A/D measurement system results which all together provide higher dynamic range of 124 dB @ 411Hz bandwidth and a Total Harmonic Distortion (THD) of -118dB [3] , while consuming low power per channel. The modulators generate an oversampled serial bit stream at 512kbits per second when operated from clock frequency of 2.048 MHz.
The CS5376 is a multifunction digital filter using a low power signal processing architecture to achieve efficient filtering for up to four -modulators. Digital filter coefficients for the CS5376 FIR and IIR filters can be programmed for custom applications, but we have used on chip coefficient set that are specially designed for geophysical applications. It has a multistage signal processing architecture consisting of a hardware sinc filter, two FIR filters and a selectable first, second or third order IIR filter. The filter architecture is flexible with the capability to bypass later filter stages and output data immediately following any filter. The digital filters have decimation ratios that can support data output word rates between 62.5 sps and 4000 sps although the designed datalogger can achieve programmable sampling rates ranging from 125 Hz to 500Hz, more than enough for any seismic application, while power consumption is rated below 6 mW per channel [4] .
The full-scale performance of the CS5372 modulator when used with CS5376 digital filter together with a 5V full-scale input signal of 31.25 Hz and a 1000sps sampling frequency is that no harmonic components exceed -120dB and an analysis of this data set yields a signal-to-noise ratio (SNR) of 124 dB and a signal-to-distortion ratio (SDR) of 119dB. The noise performance of the CS5372/76 system with a 31.25 Hz and -24 dB input signal and a 1000sps sampling frequency, shows an averaged noise components consistently below -150 dB [3] .
The input stage of the acquisition system is based on OP97 and OP297 low noise amplifiers in a single ended to differential signal converter configuration, due to the fact that the signal coming from the geophone is single ended and the CS5372 ADC is differential. A MC68332 microcontroller is in charge of the configuration of the CS5376 digital filter selecting sampling rate, filter output and low power operations, through a QSPI (Queued Serial port interface) bus. All the necessary signals for the datalogger to function correctly have to be generated from a single crystal and being aware of the fact that in any marine seismic application, timing is of great importance, a Vectron OC260 32.768MHz crystal is used offering a stability of 40ppb (40 x 10 -9 ) and an electronic module is designed and built integrating a ICS52701 phased locked loop generating different signal frequencies for the system. The following figure shows a schematic diagram of the acquisition system: 
III. CHARACTERIZATION TESTS
The designed test programming is based on the graphical language LabVIEW 7.1, where a frequency analysis of the acquired data is performed. In order to characterize the acquisition system built, the following tests based on the IEEE-1057 and IEEE-1241 standards [11] have been carried out:
Taking into account that the noise analysis is of great importance in any acquisition system aimed for geophysical applications and 24 bits resolution of the system under test, an ultra-low noise and distortion Stanford Research System (SRS) DS630 function generator is used to generate the input signals and AA type batteries are used to supply the acquisition system. The DS630 function generator presents a -110dB Total Harmonic Distortion (THD) in 5kHz bandwidth and minimum 10uVpp amplitude allowing to characterize the system using low input amplitudes as in real conditions. Figure 3 shows the system set-up in the lab. The implemented tests are based on the application of a sine wave signal at the input of the system, acquisition of a known number of samples and calculation of the desired parameters, using the expressions indicated in the standards, from the signal reconstruction of the acquired data given by the expression:
Where Q is the code width and T [1] is the first transition level defined by the transfer function of the CS5372 modulator, in this case being Bipolar with true zero: Where -Vmin is the minimum voltage that can be applied to the modulator without an output error.
In order to minimize the leakage effect of the DFT transform of the acquired data and obtain more realistic results, the frequency of the input sine wave signal is adjusted to comply the expression:
where f is the input signal frequency, f s is the sampling frequency, M is the total acquired samples and J is an integer prime number to M. Moreover, a Hanning digital window is applied taking into account the type of signal to be acquired by the system in real conditions. The test procedure and parameter calculation during every test is discussed below: [2] : A sine wave signal with known amplitude and frequency is applied at the input of the system and 4096 samples/channel with a sampling frequency of 250sps are acquired and transferred to a PC, where the test program in LabVIEW stores the data in a data file. The DFT Analysis option of the test program reads the data file stored previously, calculating the DFT of the acquired data and the desired parameters from the DFT data for every channel separately. The Save Panel Image option allows the user to store the front panel data into a file for post-processing. As signal level received by the geophone can be very small due to the fact that the instrument can be deployed at more than 6000m away from the artificial source, the total noise performance of the system results in a key feature of the overall equipment, therefore parameters as Signal-to-Noise Ratio (SNR), Dynamic Range (DR) and Effective Number of Bits (ENOB) have been calculated. In addition, to characterize the system non-linearities, the calculation of parameters based on harmonic distortion has been included [10] .
-Random Noise test [1] [2] : In order to calculate the noise generated by the acquisition system circuitry, in this case by the input amplifier stage of the module, a random noise test has been implemented. All the channels under test are grounded and two separate acquisitions of 4096 samples/channel at 250sps sampling frequency have been carried out and stored in two data files. The Random Noise Analysis option of the designed software reads the data files previously stored and by subtracting the data samples, eliminates the ADC fixed-pattern errors [5] that occur in the same location in successive records and calculates the noise variance given by the expression:
where 2 is the noise variance, y an and y bn are the data samples of successive acquisitions and M is the number of samples/channel. The Save Panel Image allows to store the final results for post-processing.
-Crosstalk test [1][2]:
The calculation of crosstalk level of a multi-channel acquisition system is a good evaluation of the PCB design of the module, as this parameter is result of Electromagnetic Interference (EMI) between different parts of the board as well as the ground and power supply plane problems. A full-scale signal is applied to the channel under test while all the other channels are shielded and a 4096 samples/channel data acquisition is carried out and stored in a data file. The Crosstalk Analysis option of the designed software reads the data file stored previously and calculates the crosstalk level related to every channel using the following expression:
The parameters calculated in the above tests characterize the noise and distortion performance of a high resolution acquisition system as well as evaluating the EMI and grounding features of the PCB, making it suitable for characterization of digitizing modules aimed for marine geophysical applications.
IV. RESULTS
The need of a high-resolution system with a high Signalto-Noise Ratio (SNR) to collect low level signals has taken us to use low level amplitude signals using a DS630 ultra-low function generator together with batteries for power supply of this module to reduce noise from external elements. A signal amplitude of 10uVpp together with a sampling frequency of 250sps have been used for all the tests, a typical value in geophysical applications. The bandwidth of the system is defined by the selected sampling frequency as in CS5372/76; this is given by 40% of the sampling frequency, in this case 100Hz.
The 50 Hz line coupling through the input signal is corrected by eliminating the samples corresponding to this frequency and its successive harmonics, and replacing the eliminated samples by the last value before the 50Hz interference peak set of DFT points. The number of DFT points to be eliminated at 50 Hz has to be adjusted by the user before obtaining the final result of the test. For low amplitude signals, the frequency of the input signal has to be introduced by the user as LabVIEW fundamental frequency detection functions do not operate below a certain signal amplitude level. Figure 4 shows the DFT of a record of collected data used to calculate the noise parameters of the system under test. The amplitude of the input signal is 10uVpp while its frequency is 80Hz. As the ADC module is battery powered to reduce noise coupling, the larger peak corresponds to the input sine wave fundamental, while the peaks at 50Hz and 100Hz correspond to the power supply line frequency coupled through the signal generator which both have been corrected in order to obtain the system noise parameters. The noise floor is at -140dB while total noise level is about 5.3uV/ Hz. These results show a 120dB dynamic range over the system bandwidth, which means a reduction of 10 dB of the CS5372/76 dynamic range, while the crosstalk figures obtained in the test are 25 dB above the modulator specification value for below 10Hz input signal frequency and about 40dB above the same value for over 90Hz input signal frequency. The contribution of RMS (Root Mean Square) random noise generated by the input amplifier circuitry is about 10uV, reducing the effective number of bits (ENOB) to just over 18 bits. Furthermore, the noise analysis of the acquisition system has shown an Effective Number of Bits (ENOB) of about 18 bits at low input signal amplitude, meaning that system performance is mostly degraded by the input amplifier stage.
The optimization of the noise performance of the acquisition system is carried out by reducing the random noise generated by the input stage as well as improving the signal quality using fully differential amplifiers as CS3301-02 with a noise figure of only 8.5nV/ Hz. The use of fully differential amplifiers together with improvement of ground and power supply planes will improve the crosstalk results considerably [6] [7] .
